/A 

ASTRt 

▼ 



\@M W®Gteto|p ©CfO A(g(g@D(§Cr§JS©(2l 

§m$ 



IEEE COMPONENTS. PACKAGING AND 
MANUFACTURING TECHNOLOGY SOCIETY 



ASO The Globol Voice of Oudrty " 


Applications of Fracture Mechanics 
to Accelerated Testing of Plastic 
Encapsulated Microelectronics 

John Evans 
NASA 

Jessica Stack Tumlinson 
SWRI 


July-12-15 


ASTR 2015, Sep 9 - 11, St. Cambridge, MA 


1 





*► n 



Society 


W®(?(k§lA)®^ @00 iSeedtetriteal 
f6K§g§ HMSOorog aofocal (MtafofflK^ 




IEEE COMPONENTS. PACKAQINQ AND 
MANUFACTURING TECHNOLOGY SOCIETY 


Si 


)lllT 

Division 

ASO ■ Globcl Voice of Qvalil; 


Advanced Packaging Depends on Polymers 

Critical Functions 

• Die attach 

• Underfill 

• Passive Coatings 

• Over Molding 
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Substrate Die Attach paste Solder Ball 

PBGA 

Bond Wire Mold Compound 


Flip-chip BGA 

Flip chip in-pkg or Flip-Chip CGA 

on board (organic) High Density Packages 


Key Classes of Materials 

• Polyimide 

• Epoxy 


Figure Courtesy of Dr. Reza Ghaffarian NASA JPL 
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Polyimide Cracking in a Die Stack 



Courtesy of Ahmed Amtn and Henning Letdecker 

NASA GSFC 
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Differential Thermal Expansion 


Drives Stresses 


Opportunity Diurnal Curve 


300 - 


• opportunity surface . st 

• Opportunity Near -Surf ace (1.1m) T 1U Y-* . 


280 - 


260 - 


2 240 - 



220 - 


200 - . -85oCv 


Mutt Resin Qm GoJdWw 


S4ib<lriti Die Attach pule Solder Ba< 



TDRS 

>5 13°C<AT<35°C 




Landsat 8 ^ 

/ W / 








Epoxy Molding Compound 
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Key Concepts in Fracture Mechanics 


• Crack Opening Mode 

• Stress Intensity, K 

• Paris Law 
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Opening 

Modes 
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Paris Law Exponent for 
Polyimide 

3.3 < m < 5.3 

Notomi et. al. (1999) 






Amagai Acceleration Factor 


Spin-on Polyimide on Si Die 
with Overmolded Epoxy 


Mold Resin Die Gold Wire 



Substrate Die Attach paste Solder Ball 


Complexities: 


Amagai Fatigue Prediction Model 


(a eq ■ rp) 1,095 • Af 0,4497 = t-W 

Amagai (1995) 

W 0.4497 K t' W 

Act 1 - 095 
N oc. Act -0,2112 

Aa oc AT 


AF = 


AT 2 

M. 


4.7 


• Geometry 

• Layered Structures 

• Mixed Mode Crack Growth 
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Special Case: Interfacial Delamination 

Micromechanical Fracture Test 
Epoxy Bonded PI on Si N 


Delaminating Bi-material Structure 
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(After Zhuet. al. 2010 w IEEE 
Permission) 
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Interfacial Delamination 



Epoxy 



Polyimide Coated 
Active Si Structure 


Courtesy Ahmed Amin GSFC 
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Threshold Values 



logA K 


K th * 1.1 • o t h ' yf™ 

a th = E-lAccAT 
Kth ^ K Ith 




Unreinforced Epoxy 


Polvimide 
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Conclusion 


• Fracture mechanics provides a wealth of information 
for designing accelerated tests in polymer coated and 
encapsulated microelectronics 

- Acceleration factors for thermal cycling environments can 
be extracted 

• Delamination 

• Cracking 

- Materials performance and properties explicitly considered 

- Defects and defect interactions with structures can be 
modeled 
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